Recent discovery of both gapped and gapless topological phases in weakly correlated electron systems has introduced various relativistic particles and a number of exotic phenomena in condensed matter physics [1] [2] [3] [4] [5] . The Weyl fermion 6-8 is a prominent example of three dimensional (3D), gapless topological excitation, which has been experimentally identified in inversion symmetry breaking semimetals 4, 5 . However, their realization in spontaneously time reversal symmetry (TRS) breaking magnetically ordered states of correlated materials has so far remained hypothetical 7, 9, 10 . Here, we report a set of experimental evidence for elusive magnetic Weyl fermions in Mn 3 Sn, a non-collinear antiferromagnet that exhibits a large anomalous Hall effect even at room temperature 11 . Detailed comparison between our angle resolved photoemission spectroscopy (ARPES) measurements and density functional theory (DFT) calculations reveals significant bandwidth renormalization and damping effects due to the strong correlation among Mn 3d electrons. Moreover, our transport measurements have unveiled strong evidence for the chiral anomaly of Weyl fermions, namely, the emergence of positive magnetoconductance only in the presence of parallel electric and magnetic fields. The magnetic Weyl fermions of Mn 3 Sn have a significant technological potential, since a weak field (∼ 10 mT) is adequate for controlling the distribution of Weyl points and the large fictitious field (∼ a few 100 T) in the momentum space. Our discovery thus lays the foundation for a new field of science and technology involving the magnetic Weyl excitations of strongly correlated electron systems.
Recent discovery of both gapped and gapless topological phases in weakly correlated electron systems has introduced various relativistic particles and a number of exotic phenomena in condensed matter physics [1] [2] [3] [4] [5] . The Weyl fermion [6] [7] [8] is a prominent example of three dimensional (3D), gapless topological excitation, which has been experimentally identified in inversion symmetry breaking semimetals 4, 5 . However, their realization in spontaneously time reversal symmetry (TRS) breaking magnetically ordered states of correlated materials has so far remained hypothetical 7, 9, 10 . Here, we report a set of experimental evidence for elusive magnetic Weyl fermions in Mn 3 Sn, a non-collinear antiferromagnet that exhibits a large anomalous Hall effect even at room temperature 11 . Detailed comparison between our angle resolved photoemission spectroscopy (ARPES) measurements and density functional theory (DFT) calculations reveals significant bandwidth renormalization and damping effects due to the strong correlation among Mn 3d electrons. Moreover, our transport measurements have unveiled strong evidence for the chiral anomaly of Weyl fermions, namely, the emergence of positive magnetoconductance only in the presence of parallel electric and magnetic fields. The magnetic Weyl fermions of Mn 3 Sn have a significant technological potential, since a weak field (∼ 10 mT) is adequate for controlling the distribution of Weyl points and the large fictitious field (∼ a few 100 T) in the momentum space. Our discovery thus lays the foundation for a new field of science and technology involving the magnetic Weyl excitations of strongly correlated electron systems.
Traditionally, topological properties have been considered for the systems supporting gapped bulk excitations 1 . However, over the past few years three dimensional gapless systems such as
Weyl and Dirac semimetals have been discovered, which combine two seemingly disjoint notions 2 of gapless bulk excitations and band topology [2] [3] [4] [5] . In 3D inversion or TRS breaking systems, two nondegenerate energy bands can linearly touch at pairs of isolated points in the momentum (k) space, giving rise to the Weyl quasiparticles. The touching points or Weyl nodes act as the unit strength (anti) monopoles of underlying Berry curvature [4] [5] [6] [7] , leading to the protected zero energy surface states also known as the Fermi-arcs 4, 5, 7 , and many exotic bulk properties such as large anomalous Hall effect (AHE) 12 , optical gyrotropy 13 , and chiral anomaly 6, [14] [15] [16] [17] [18] [19] . Interestingly, the Weyl fermions can describe low energy excitations of both weakly and strongly correlated electron systems. In weakly correlated, inversion symmetry breaking materials, where the symmetry breaking is entirely caused by the crystal structure rather than the collective properties of electrons, the ARPES has provided evidence for long-lived bulk Weyl fermions and the surface Fermi arcs 4, 5 .
On the other hand, the magnetic Weyl fermions have been predicted for several spontaneously TRS breaking phases of strongly correlated materials since the early stage of the search 7, 9, 10 , but so far they have evaded experimental detection. In correlated electron systems, when the spectroscopic detection of coherent Weyl quasiparticles and Fermi arcs can be complicated due to the interaction induced suppression of bandwidth and life time, it becomes essential to perform complementary measurements of bulk physical quantities such as AHE and chiral anomaly, which are sensitive to the underlying topology.
Among the candidates, Mn 3 Sn is the only compound that exhibits a spontaneous Hall effect 11 . Mn 3 Sn is a hexagonal antiferromagnet (AFM) with a stacked kagome lattice. The geometrical frustration leads to a 120
• structure of Mn moments, whose symmetry allows a very small spin canting and thus macroscopic magnetization (Fig. 1a ) 21, 33 . This is the first AFM that exhibits a surprisingly large AHE below the Néel temperature of 430 K, which is comparable with or even 3 exceeds the AHE of ferromagnets even though the magnetization is negligibly small. We first present in Fig. 1b the overview of the band structure calculated with spin-orbit coupling (SOC) for the magnetic configuration shown in Fig.1a . The TRS breaking lifts the spin degeneracy and leads to the band crossing at a number of k points, resulting in various pairs of the Weyl nodes at different energies. Among them, the most relevant for transport and other macroscopic measurements are the Weyl points that are closest to the Fermi energy, E F . In accordance with the previous prediction 25 , such Weyl points are found along K-M-K line (dotted rectangle in Fig. 1b) ; an electron band and a hole band centered at M intersect slightly above E F forming the Weyl points. Moreover, we show in the following that the magnetic texture sensitively determines the presence/absence of the gap at the band crossing.
In Fig. 1c , we summarize the k x -k y location of the above mentioned Weyl nodes. Without SOC, the electron-hole band crossings form a nodal ring surrounding K points (dashed circles).
Inclusion of SOC opens the gap along the nodal ring, except a pair of points corresponding to the Weyl nodes with different chirality. Notably, in Mn 3 Sn, the direction of the sublattice moments can be controlled by a small magnetic field of ∼ a few 100 Oe (Supplementary Note 1 and Figure S1 ).
Thus, by rotating a magnetic field in the x-y plane, the Weyl nodes, whose locations are determined by the spin texture and thus by magnetic field, may be moved along the hypothetical nodal ring.
As an important consequence of the magnetic symmetry, the electronic structure becomes orthorhombic even in the hexagonal crystal system. The presence of the mirror symmetry ensures that the pairs of Weyl nodes appear along a k line parallel to the local easy-axis (i.e. x axis).
To demonstrate this, we show in Fig. 1d an enlarged view of the band structure cut along the Recent extensive studies have shown that, in weakly correlated systems, the DFT calculation can excellently reproduce non-trivial band topology found by ARPES measurements [1] [2] [3] [4] [5] . To directly verify the 3D electronic structure in Mn 3 Sn, we performed ARPES measurements with tunable photon energy using synchrotron radiation (Fig. 2) Fig. 2c ). This clarifies that the incident hν of 103 eV selectively detects the bulk band dispersion at k z = 0, where the Weyl nodes should exist near E F . The contour of photoelectron intensity clarifies the location of the Fermi surfaces on the k x -k y plane at k z = 0 (Fig. 2b) .
Experiment clearly captures the main six elliptical-shaped contours centered at M points, which have the same topology as the Fermi surfaces (solid circle) predicted by DFT. This agreement is significant as it is this electron band that creates the Weyl points at its intersection with the other hole band (Fig. 1d ).
The ARPES intensity maps and their energy distribution curves show the band dispersion along K-Γ-K (Fig. 2d ) and K-M-K ( Figure S4 ).
According to the theory, the Weyl points on the K-M-K line are located slightly above E F (Fig. 1d) . Here we show the ARPES images observed at 60 K along several k x cuts (Fig. 2j inset) around K and M points in Figs. 2f-i obtained before (left) and after (right) dividing the intensities by the Fermi-Dirac (FD) distribution function to detect thermally populated bands above E F . In Fig. 2i , we find two strong intensity regions at around M point just above E F and ∼ 40 meV below E F . With increasing k y from −0.80Å −1 (Fig. 2i) , the two regions become closer in energy (Fig. 2h ) and separated again (Figs. 2g & 2f) . They well capture what DFT calculation predicts; the flat electron (red line) and hole bands (blue line) approach each other in energy (from Fig. 2i to Fig. 2h ) and finally cross to form the Weyl points ( Fig. 2g) and separate (Fig. 2f) again. In particular, this evolution of the electron band can be traced in the momentum distribution curves In Fig. 2k , on the other hand, we observe additional anomalies arising from the crossings between the electron and hole bands along the K-M-K line (Fig. 2g) . Comparing with theory, we note that the peak (red bar) at k x ∼ 0.3Å −1 (−0.3Å −1 ) between K and M points most likely comes from the dispersion in the immediate vicinity of the Weyl point W (Fig. 1c) , which should be located at ∼ 8 meV above E F , given the strong band renormalization. The peak (red bar) at k x ∼ 0.5Å −1 (−0.5Å −1 ) between K and Γ 2nd points corresponds to a large electron band, which crosses with another band and form the Weyl point W To clarify the anisotropic character, we scanned the angle θ between B and I directions for the magnetoconductance measurements under a field of 9 T, which is much higher than the coercivity (∼200 G) in the magnetization curve, and thus the measurements were all performed in a single domain state. Figures 3e and 3f show the angle dependence of the relative magnetoconductances ∆σ(9 T) = σ(9 T) − σ(0 T) at selected temperatures. Here, the positive and negative ∆σ(θ) indicate the positive and the negative magnetoconductance, respectively.
A very sharp angle dependence is found; the positive magnetoconductance becomes maximized when B is set exactly parallel to I (θ = 0 • ). A small change in the angle θ from θ = 0
• leads to a very sharp but symmetric decrease to a negative value. This type of a sharp angle dependence has never been seen for the magnetoconductance in magnetically ordered states. For example, in ferromagnets, the anisotropic magnetoconductance rather gradually depends on θ 27 .
Actually, the positive magnetoconductance with such a very narrow window near B I is very similar to the previous experimental observations of chiral anomaly [16] [17] [18] [19] . In addition, the positive magnetoconductance associated with the chiral anomaly is expected to be more significant at low temperatures when the inelastic scattering effects decrease. Indeed, the significantly anisotropic positive magnetoconductance becomes more enhanced as we cool down the system. Moreover, Figure S1a without a perturbation of the weak ferromagnetic moment.
Mn 3 Sn single crystal. Single crystals used in this work were grown by Czochralski method using a commercial tetra-arc furnace (TAC-5100, GES) or a Bridgman method using a homemade furnace.
Our single crystal and powder X-ray measurements find the single phase of hexagonal Figure S4 ).
Then the number of electrons doped into the Mn-d orbital is estimated to be 0.024, which shifts the Figure S9 ). Unless it is necessary to specify the exact composition of the crystals used for measurements, we use "Mn 3 Sn" to refer to our crystals for clarity throughout the paper. S4 ). The strong renormalization by a factor of ∼ 5 is more pronounced than in other 3d electron systems [34] [35] [36] .
In Supplementary Fig. S3 , we further show ARPES band maps obtained by using different light Supplementary Note 3 : Results of soft X-ray angle-resolved photoemission spectroscopy. Since the spectral weight in ARPES with vacuum ultraviolet is generally governed by surface signal, we performed more bulk-sensitive soft X-ray ARPES (SX-ARPES). In the photoelectron distribution at E F on the wide k x -k y sheet at k z =0 in the 7th Brillouin zone (hν=330 eV; Supplementary Fig. S4a) , we see the strong photoelectron intensity only around zone boundary as observed by using hν of 103 eV (Fig. 2b in the main text). This result strongly supports our conclusion that ARPES with hν of 103 eV detects the bulk electronic structures.
In Supplementary Fig. S4b , we summarize the photoelectron intensity near E F as a function of hν.
The intensity jumps at hν ∼640 eV and 652 eV, corresponding to the energies associated with Mn 2p-Mn 3d excitations. The variation of the peak intensity with hν can be described by a Fano line shape as expected for the resonance behavior, which is a consequence of a localized character of the Mn 3d states. From this resonant photoemission, we unambiguously show that the electronic structure near E F is predominantly formed by Mn 3d orbitals, which is consistent with theory as shown in Supplementary Fig. S4c . Therefore, Fig. S5b ). The surface Fermi arcs are thus confined only in a small E-k region in theory, which is moreover renormalized by the strong correlation effect of Mn 3d electrons as we demonstrated by ARPES. These situations should make it very difficult to identify the When electronic scattering rate from local moments and magnetic impurities is suppressed by an applied external magnetic field, the transport lifetime is enhanced, leading to negative magnetoresistance along all directions (i.e, both LMR and TMR become negative). This is routinely observed in heavy fermion compounds above the Kondo temperature scale (a regime where f -electrons are not a part of the coherent excitations defined around a large Fermi surface and conduction electrons are thus scattered by local moments). Concomitantly, negative LMR and TMR are also observed in ferromagnetic compounds 28, 38 , when an applied magnetic field suppresses fluctuations of the ferromagnetic order parameter (thus decreasing the inelastic scattering rate for conduction electrons). Therefore, observed negative LMR and positive TMR in
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Mn 3 Sn cannot be explained on the basis of field induced suppression of magnetic scattering.
In materials with high carrier mobility and strong resistance anisotropy (quantified by the ratio A=TMR/LMR), an inhomogeneous distribution of the current flowing inside the sample can give rise to negative LMR.
The negative LMR arising due to current-jetting effect shows strong dependence on sample geometry/size 28, 39, 40 . We first note that Mn 3 Sn does not possess large carrier mobility like weakly correlated semimetals and zero-gap semiconductors. In addition, the ratio A remains of the order of unity for the entire range of applied magnetic field strengths. Thus, we do not expect any significant current-jetting effect. Nevertheless, we have carried out explicit measurements to rule out the current-jetting effect. Supplementary Figure S8a shows our experimental set up for the sample. The sample is prepared with six spot-welded voltage contacts, V 12 , V 34 , on the sides and V 56 on the centerline of the sample with silver-pasted current contacts on the other sides to test the inhomogeneous spatial distribution of the current. We have observed the negative LMR (I B) and positive TMR (I ⊥ B) for all contacts V 12 , V 34 , and V 56 , as seen in Supplementary Fig. S8 .
As shown there, we find that there is no significant variation of the voltage across the crystal. Moreover, we have measured several samples with different sizes and thicknesses (90 ∼ 200 µm). All samples with different size/thickness display comparable magnitude of the negative LMR as well as positive TMR (with A remaining of the order of unity in all samples). Thus, the current jetting effect can be ruled out as the source for the magnetoresistance properties of Mn 3 Sn.
In conventional dirty semimetals and semiconductors, weak localization effects can cause negative magnetoresistance. Weak localization describes decrease in conductivity as the effect coming from constructive interference between two electron waves that travel along opposite directions along a closed path and are scattered off by the same impurities. Since an external magnetic field causes a phase difference between two waves, it disrupts the constructive interference, leading to enhanced conductivity or nega-tive magnetoresistance 41 . Just like any localization related effect, negative magnetoresistance due to field induced suppression of weak localization is generically a low temperature effect. In addition, for three dimensional materials, it has been demonstrated by Kawabata that both LMR and TMR become negative in the weak localization regime 42 . Thus weak localization cannot explain concomitantly observed negative LMR and positive TMR over a wide range of temperatures (50 K to 300 K), leaving the chiral anomaly of Weyl fermions as the bonafide mechanism behind our experimental observation of anisotropic magnetoresistance properties. samples is estimated to be 12 meV and 59 meV, respectively. The data show that the overall spectrum for 
